Experimental vaccinia infection was employed in previous experiments as a model of virusinduced demyelination (7, 10, 11, 13, 14) . Vacci (11) . Transient demyelination and autoimmunity appear in some severely affected animals. However, no typical postvaccinal encephalomyelitis develops. The present study deals with the vaccinia infection of BALB/ c mice which had been made immunologically incompetent by X-irradiation. The question under consideration was whether a transient immune deficiency enhances the expression of postvaccinal encephalomyelitis.
MATERIALS AND METHODS Animals. All studies were performed in female BALB/c mice (Central Institute for Laboratory Animals, Hannover, W. Germany) weighing 10 to 12 g and kept under standard conditions. The experimental protocol is given in Table 1 .
The Elstree strain of vaccinia virus was grown on chicken embryo fibroblasts, purified through differential centrifugation, and suspended in McIlvain buffer. The infectious titer, determined in HeLa cells, was 107 plaque-forming units per ml. The infection was induced by an intracerebral injection of 0.03 ml of virus suspension containing 104 plaque-forming units per ml.
Irradiation. (13) .
Histology. The central nervous system was examined on days 4, 7, 18, and 60. Five blocks of brain and two blocks of spinal cord from each animal were embedded in Paraplast (Sherwood, St. Louis, Mo.) and stained with the acridine orange, hematoxylineosin, azan, Nissl, and Kelemen methods.
Immunofluorescence. Both direct and indirect techniques were employed, as described in previous papers (13, 14) . Unfixed and acetone-fixed sections were used, enabling the detection of both membrane and intracellular antigens. An indirect technique was used to examine viral antigens (anti-vaccinia serum from calf plus anti-bovine immunoglobulin G from rabbit coupled with fluorescein isothiocyanate) and antigenic changes in myelin sheaths (anti-basic protein antiserum from rabbit plus goat anti-rabbit immunoglobulin G, coupled with fluorescein isothiocyanate [Mallinckrodt, Tilburg, W. Germany]). A direct technique using a marked anti-mouse immunoglobulin G from rabbit was employed for examination of the permeability of the brain-barrier system. In addition, the permeability of the vessels was studied with another technique, using a 5% solution of dextran, molecular weight 150,000 (Pharmacia, Uppsala, Sweden), coupled with fluorescein isothiocyanate. Ten animals (five irradiated and five controls) were injected with 0.5 ml of solution intracardially 5 min before killing. Formalin-fixed sections showed a bright fluorescence of the vessel system (see Fig. 4 ). Virological findings are given in Fig. 1 . In the irradiated animals the virus appeared on day 4 and reached a maximum titer on day 7 . No virus was found on day 13 . In the nonirradiated controls (A) the virus was detected on day 3, reaching a maximum on day 5 Serological findings. In the irradiated mice, neutralizing antibodies were first detected on day 18, and the peak titer was 1:64. The nonirradiated controls (control A) answered with antibody production on day 12 and reached a titer of 1:512. Gliotoxic antibodies were detected in both Xirradiated and nonirradiated infected groups (Fig. 2) . They appeared later in the irradiated animals but then reached a higher titer in that group than in the nonirradiated group (control A).
RESULTS
Antibodies detected by immunofluorescence exhibited affinity for the glial cells. They were expressed only in the irradiated animals. A faint fluorescence of myelin sheaths was present in both groups. Irradiated noninfected animals (control B) showed no antibodies.
Histology and immunofluorescence. Irradiated, infected animals as well as nonirradiated controls (A) developed an acute choriomeningitis, ependymitis, and vasculitis with disseminated mononuclear infiltrates. Numerous cells of the leptomeninges, choroid plexus, ependyma, and vessel walls and some inflammatory cells showed degeneration or lysis. Most of these cells exhibited a bright cytoplasmic fluorescence if an anti-vaccinia serum was used (Fig. 3) .
Multiple damage to cells of the brain-barrier system led to leakage of serum proteins into perivascular, subpial, and subependymal spaces or, in severe cases, into adjacent neuroparenchyma ( Fig. 4B and C) . In the latter cases, edema and lesions in adjacent neuroparenchyma were detectable, the most striking ones being the activation of astroglia and oligodendroglia. In myelin sheaths, antigenic changes were often encountered, apparent as irregular abolition of myelin fluorescence (indirect technique, using anti-basic protein serum). Occasionally, small focal demyelinations were observable.
Pathological conditions in irradiated animals differed in the following points. (i) The infection was delayed and protracted (Fig. 5). (ii) The lesions of the vessels and neural membranes were more severe, associated with extensive Lesions were graded as absent (0), very mild (1), mild (2), moderate (3), or severe (4), depending on inflammatory infiltrates and degenerative changes. The maximum lesion severity score possible per animal was 28 (seven sections, the maximum score per section 4). Each point represents the mean score for all animals killed on that day. The bars indicate ±1 standard deviation. changes in adjacent neuroparenchyma. (iii) The infection spread into the nervous tissue in some animals; numerous glial cells and a few neurons showed a faint, often granular fluorescence ( Fig.  6A and B) . However, no damage was observable in these cells. Unfixed sections exhibited membrane fluorescence (Fig. 6C) . Another striking feature was the persistence of the fluorescence on days 18 and 60 (Table 2 ). In contrast, the bright fluorescence in the mesodermal and ependymal cells was only short-lived. In some cases, interstitial infiltrates appeared in the perivascular, subpial, and subependymal neuroparenchyma on day 18, 60, or both (Fig. 7) . Damage of the glial cells was detectable associated with demyelination ( Fig. 8) , which was not detectable in the controls (A). In fact, the pathology was indistinguishable from experimental allergic encephalomyelitis. Irradiated noninfected animals (control B) sacrificed on day 7 postirradiation showed an increased permeability of the brainbarrier system. The leakage of serum proteins was diffuse and less severe than in irradiated and infected animals and affected most vessels seen in the section. Occasionally a few mononuclear cells appeared in subarachnoid or perivascular spaces, or both. (3, 5) .
The host reacts with a complex of defense mechanisms which clear the virus in about 8 to 10 days. As a rule, this type of infection is irrelevant and often remains clinically latent. In cases with extensive inflammation and cell damage, the permeability of the brain-barrier system increases pathologically and multiple lesions in adjacent neuroparenchyma become apparent, including damage of myelin sheaths.
The observation of similar lesions after injec-. tion of hypertonic saline into the carotid artery (J. Simon, unpublished data) suggests that such lesions are nonspecific, probably due to water, electrolyte, and acid-base imbalance. Other factors, e.g., mediators of inflammation (lysosomal enzymes, lymphokines, vasoactive amines), may also induce additional damage, designated as the "bystander effect" (17) .
Most of such lesions are probably reversible, since they were rarely found by day 60 after infection.
Another type of infection, consisting of two phases, develops in some X-irradiated animals.
The first phase begins with the above-mentioned productive, lytic infection of the neural membranes and vessels, with severe damage to the brain-barrier system. The second phase starts with the spread of infection into adjacent neuroparenchyma. A noncytocidal infection is established, which can persist during the whole observation period. Subsequently, inflammatory infiltrates appear in infected areas, and damage of the glial cell is seen. Myelin staining reveals perivascular, subpial, and subependymal demye- bryonal glial cells or glioblastoma cells, and noncomplement-binding antibodies with a specific affinity for glial cells and myelin sheaths. Unfortunately, there is no information on cellular immunity or the function of the immunological system. Lower titers of antiviral neutralizing antibodies in X-irradiated animals suggest some deficiency of the immune system.
The in vitro assay of antiglial toxic activity provides no information on the significance of such activity in vivo. The low activity detected in nonirradiated animals indicates that the in vitro system is highly sensitive. Surprisingly enough, similar differences have been found between multiple sclerosis patients and healthy persons (P. Mar, T. Gradl, and Ch. Dorner, J. Neurol. Sci., in press).
The pathogenesis of the first phase seems to be relatively simple. Direct, cytocidal virus action is the major determinant of the virus-cell (8, 9) .
The pathogenetic significance of the noncytocidal infection remains to be clarified. In vitro experiments show that vaccinia virus or its parts code for early antigens (surface antigens). These antigens appear very soon after infection before replication of structural antigens (1, 2, 16 ). The capability of demasking concealed host-specific antigens is also reported (15) . However, it is not known whether membrane neoantigens are expressed in vivo. The immunofluorescence technique using unfixed brain sections supports this assumption, revealing membrane fluorescence of brain cells (indirect technique with antivaccinia serum). Confirmation of these findings with other methods is necessary. At present we can only speculate that the antigenic "makeup" of cytoplasmic membrane may be altered in noncytocidally infected cells. This may induce a complex of immune mechanisms, aimed at rejection of "not-self" cells. Consequently, the virus action would be indirect in this phase, mediated by immune mechanisms. The latter may act as a major effector of demyelination. Ongoing experiments employing other in vivo and in vitro systems and indicators of cell-mediated immune responsiveness should place our first results in context and provide an additional test of the immunological hypothesis previously proposed for postinfectious encephalomyelitis (6) .
